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(54) SOLID-STATE IMAGING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a solid-state 
imaging device that can prevent the occur rence of smear even 
around an imaging part where a tilt light enters, and to 
improve the sensitivity. 

SOLUTION: This solid-state imaging device is provided with 
a substrate 10 in which a plurality of light receiving parts 5 are 
formed to receive a light and generate signal charge. The light 
receiving part 5 is formed in a manner that a potential profile 
in the direction in depth of the substrate 10 varies in 
correspondence with the respective position of the light 
receiving parts within the plane of the substrate. For example, 
because a tilt light advancing from the inside of the substrate 
10 to the outside or from the outside thereof to the inside 
enters around an imaging part, the potential profile of the light 
receiving part 5 that is formed around the substrate 10 has 
such a structure that it is directed in the advancing direction of 
the tilt light within the light receiving part 5. Thus, the tilt light 
is efficiently and photoelectrically converted to signal charge 
and it is accumulated in the light receiving part 5. 
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* $ J: 5 »::» j£ $ fix v n -5 If 1 Cttra @#ftffe£ 

v^<»c«oT, MG951 ©*#»te*tt-5tWB* 2 ©31 
3tffl5©fi;«©i*ix*s^:# < fc5 J: 5 fcJ&*£*vO'>.5M 
*3S2IE«©@fr«^gfi„ 
[»*«4] SWE»*i3j:tJ««HBS3t«W:KSli»«S!t? 
£><9, 20 

is 2 $ & 1 

[111**5] ttES3te»<0±*K«J*S*u AuiEgftgfS 
»** 1 E«fc0@ft««>=gfi 0 

BIOS CTftfc 5 J: 9 £ *iT v >-5ff ** 5 mm<n 

mfrmt£mm 0 30 

[ft** 7] ittESIRffirttcte^S+ASBd^baffl*^ 

T i^a** 6 E4ftoB#«ttKC 
[ft** 8] ttEa*«<o±**c»J«Six, fflES#« 

-rttr v ^ it** 3 e*<0 h fts^io 

[0 0 0 1] 
[0 0 0 2] 
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[0 0 0 3] Iit^fX5rl/Mti^ J£ 

[0 0 0 4] S3tSB±^JcKttfc^->^ 
[0 0 0 5] — CCDlt|«ft*fm *5T£> 

> y = >-g*g«i® t l)tK*®^^isiti^ £ £ * 5 r 
[0 0 0 6] ifi^, ±*LfcBr**>fX(OjB/h*3J:tMe 

fc. 

[0 0 0 7] 4#^, *J»H*»iZZflBXtt. *a#tffittKBI 
[0 0 0 8] Z(DX ^T\y^—"f4 >?MM(D—3b U 

tlX^^o 

[0 0 0 9] ~(D£ o {C^ -fe/UOHMB<fcJCfl£5««©« 

[0 0 10] «oT, 35^, 3 t?*« 
5, §*M«^t)^J:ni<Mt5il(:fc 



4^ 
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[o o 1 1] mi 1*5^^1111 ±m<o^->^-^zf 

SS{-ti»t5iS3f?<75— »rEHt-*fJcSLT*3>3» 111 2(4. 
10 0 12] 111 1 *34t>*ll 1 2 td^i-J; 9 (C s ni« 

^•«^*^a-r^»g7tg|5 5 , 0S£*aft<ic£-cj*j«$*i 10 

■CJ3D, Sl£g3t£l$5' T»-ttjfe^*«WSr»#»r5 

[0 0 1 3] Sfc, Sffil 0Clf4. pjgfra/H 2#?e 
j££ix, SttpSl^i^rt^W:, nlW«i^e>/j 

#85 5' fc— #©«WflE&3Bl 3 4:©IWfclrt:, bT^sKx 

[0014] mm 1 0 ±ki±, mfc~> y =< ^oifeftflt 

1 4Sr^-LTtei^faffil 6^Mfi£$*XT*3"9. Si^fe^ 
Ml 6 «rtHIi-.5 ± 3 K LT\ I6a«ll 4«r^-UT« 

[0015] igftBI 1 7 ^ffiS Ltiffil^ m 

[0 0 16] a*5,v~<— i^B!3 0_bK, *^=f-y-? 
■fs^ — ? 4 (OCCF) 4 Otf^fiSc^T&t) . * 
^=f-y7D?-7 4 ;v? 4 0±(C(4, ftSilitmd'bfc 
^yi/y^ (ocl) 5 0«^tirv^„ 

[0017] ;:t% 1111 iz^Ti. 0 fc, 3g&astf>tp 

*gBK*5V>Tf4, tVf y/wyX5 0 W3t*** s S3tSl5 
5' CD 15 5i ?(^/££*Vt:fo?K B12C 

>X5 0©)t|l^tt5' {-ttLTftcOA^ftl-v- 

[0 0 18] II 1 3(C X JtfECD^ftg&5 ' CDflf5t:}o4tf 

^^(^p^^^/i^n^r-f ^£r^i~o ft**, II 
13 (a) (4. '^(O^itUn-^r-^i^^^uyy^ 

/ux'&y* mi 3 (b) (4^¥wS7tsc5' &m&m< 

5o so 
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[0019] ffijfe, II 1 3 ( a ) tC^-T i 9 CI, S^tSB 

(4. A*f**s3t«*»snfc«, i&ffi<owmzftonm 
ix. ^s*ffi(cio-r^±-r5«#co^ttau (fftm 

*) Sr«HB|-t-5fcif)©W«ap^pS^tt4fcSr^*-r5p 

y r o f b srjg^-r * p ^^mmmm & nx ^ 

[0 0 2 0] ^-tU-JtLT, ffi^T*(4, II 1 3 (b)(C 

S^#6««*S:*«8E<^»«Ur*#. Alt***** 

ttt5n* ^#6*ffi«i:±IE©pS^*e«WH«fc©ltl 
SrSRCfc^ IHiaCna^KllimtSn- ^«36 

wmmmfoZfix$i<o , rax^it), sutmn&tm 
(4, n- ^immm*&K^*A'*—*&7LX&wflfeX' 

[ 0 0 2 1 ] II 1 1 fc^i- «fc 9 fc. ±C«?HflE»«*^- 
T*(4, AltUfc3tL 1 14, tVf y/l/yXS 0 Id* t) 
g3fcgfS5' fc*3te3*u §3tSI5 5' T'^ffi^m^ix. A 

mzm^nMt L,xWt^tH^ix^zttt£^ 0 ;:-e, 

[0 0 2 2] 

[M«Li5it5SI] 111 2fc*1-,fc 

5(c, fcte^JSiaW-ESfrfcH^Kfc^-m, 
=J-y7\s>X5 0<O3ttt^*<OA*t^lR](wv'7 h L-TV 

^t?fcott, »>f>Aot< S?t(4. §3ta55* co 

[0 0 2 3] -rttit>*>. «W*r**«U--e#«fc*»t»T 
•r(c#^(c^t)a : t f fcfe53tSC*S«^< tSTfJB^-f 
5^fc(4, ^Flc»^coJli22gC(vi*3VNT, ^c^JS^fcV 

■fs 3ta^$ix/c«^-co-gi5(4m?tte^i 3izmti 

[0 0 2 4] *»Wtt±K©*Wfc«*TfcSftfct>«> 
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r. t &X # 5 Btt ft&SliB ^Sftt a r fc fo 6 . 

[0 0 2 5] 

itfeot, SijlE§3t95t4. !»IB*IRffiP*Jfci3»t5Stt 
[0 0 2 6] fJlES:3fc95(4. Br5&08g 3 io 

ix, <f^*ffi;!> s :£K#ffl£*t£SBi ©S3t»t, HtriE^ 

So 

[0 0 2 7] BfrlES^SF*3iw*3ltS't I *:gB/5^^i22Sl5— 

[00 2 8] S&IES«*3 £Xf1imgiX.&t£m 1 Itlt 20 
*>t>, IWB*#ttTU:»J*3it, t-/<-7D-/^7 
£ ft 5 SR 2 Sr $ <b f^*i- 5 „ 

[0029] m^^tUco±^izjfm^th. tfriss^ 

^gc^pj^iagB^vK Wet, mf£,&ytmctt-tz 

£5 4 5t^/&£*tT^5,, 30 

[0030] mrlES3tlflJoji*-(c^$tt, StrfsS3tSP 

fntMSti, flMEJBl©S3t«^*H-5iiWB||S2 0 
[00 3 1] ±IE©*»M©Hfr«««*-e»4, §#95 

14, JSi2295(-Jt LT-^ttta ttftl{>%;P.*Jt£*tte^;i i 
/5^p>. S«JwStE^[SU3#« Lfc#-r /wXn 7t so 
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ro**95;^ib^ffl95f^< (c&o-t. g«®w&^ic*f 

[0 0 3 2] 

[0033] 111 1 ittmMwmicmz>ffi&WiiM>-mm<D^ 

■ K4. «&9S2. *¥te^3, tt573g|5 4^^r-r5o 
^95 4(4. «x.tf, 7n-f^>^y-htTMJ 
tLfc®^-mj£^&95 4 a Sr*-TS. 

[0034] rnvm 2 14. §#95 5 . mit-m w— h95 
? *m^miw.£ j £xmf$.isKx\^ 0 &mmsr% 

(4, ^H^ro^^^/u^ Fy^ft^f^LJi^J: 

[0 0 3 5] Sttte^SB 7 14, §ft95 5 ©Jfl r £ K#ffl 

fciiffl5 7^i!ji-5 4*a©^ciy^^-g-0Vl, <j>v 
2, 0V3, * V4riSA7j£;it5. 7K¥tejHSP3t-, r 

[00 3 6] ±IE<£>*¥-iiK&95 3 4 t^SffiteiH 95 7 
(4, ¥W**;|Sro*ffi«fc*«tojSS*A£*tT»J*£ft 

<73te^95 3, 7(Cf4, <7)te^®^^*f UT JtlE Lfc 
n yfm^b V 1 , ^V2, </>V3, 0V4, <t>Hl, 

h 2 fc^ti^'tim mmcms^-r % L-xmnznz, 

^tlbfc%U3, 7(4, teaHttSJC^P^n-S^oy^ 
fi ^4XT Lfctfi#F©*r V i^Y^^j 

[0 0 3 7] Bl2f4, 01 iC^-r*^95 2(^*3 (t 5^95 

fe^¥ffi@t-fe2. 0 i2|:^fj;5t, &BWm<D%iyt 
[0 0 3 8] -v h y y^^^tcEBStLfcSJtSBSra^ 

isv^r, f ni©*y ->y 3^*>ibft5miteiim® 

Hi 5(4. g)t95 5<OWIiJ95(-*5V^T. Sitt^lS)^^ 
[0 0 3 9] tifc. IlCMil 5±(C(4. f 21S 




(5) 
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k*jv*-c, sac*io]ij:»aEufcflsnKai««i 5 im* 

[0 0 4 0] E13K:. »«»2 0**«^*3*t5H2© 
a-a' lftK#JSi-5»rffiH«:*U E4^»«SfB2<D 
Jii22^l-:fcttS[a2<DA--A' jS6(c*rjCi-5»rffiiaS:^ 
-To 

[o o 4 i] U3^J:t> + [ll4tc^-rJ:9(-, nIO'>y 

Wf*:MW-»»*»5*a6«*< m*-C»«**LTJ3 10 

7 p — y T S:«j*i-5 p S^M^M^ 1 1 3&s 
#/*<S;h/CV**. pS^ttttHWKl HI Mill Sfi 

[0 0 4 2] a#»511 7Jw*dS36«SB*Sixfc«, 

tt*««5 ah n + a7*Hfe«4K5 a t p&7M«HH 
*1 1 t^MSrJRCJ: 5fc»J*S*bfc, fiMCnl^F 

wsij-r5fc^o^s^^p®^Mfe/^^^'i-5p + ^fm 

att, Mill S*B*»&0. 5^mSS«$i:Jt 

[0 0 4 3] B3*5*tfH4fc:aH-J:5^ »3 2cd 
**8M£*5^TI1 n + £!7ffi4MVK5 aCOST^n- 30 

[0 0 4 4] -<z>n- 7MWHK5bll 

»&ii aMfc»2(o«3a»^*5i^"c, »«M»(ojaia*»6 

[0 0 4 5] Sfc, S^E 1 01-11 pS>)x/H2» 
S. *WteaiSfSl 3 ft, fclitl X«fB^&0. 2 w m so 
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t^p s *»M&«tta> e> & 5 r*hj ty-h^6 *sjK^ 

Six, S3t»5 fc«*<D*WteiS»i 3 tOBI^tt, iS 
[0046] 1 0 ±ten »{t v y = v# if <D*fi* 

Hi 4 a^fijc£2v fltfSftei£SSl 3±^fiJte»Htl 4 
a^lt, H*bftV>«*^*5V^T, H2fc:*LfcJIS 

9 ^5 Ml 4 a ±1-11 fg2fc^mHl 6 

[0 0 4 7].*2tef@|ftai 6 0*B*r*«LT, 8Mb 
V 5 = y ife 2f (OlfilUI 1 4 b S ht*5 5 , m^te 

Tf^2<D&mmmi 5, 1 6«slt, mytmt<DWi 

[0 0 4 8] ^(7)J:5t-> »i:fcJ:tm2(E2IWSi 

5, 1611 jfi»Rl4a, 14 b, 14c^e>3S5*6 
fftfltl 4^««>i&**LT»j«SixTV^5. fc*5, g!34o 

ctt^m 4 ^*-t-«?wca&{fB 1 3 1 15, 16 
Hi^*-rsa:<ea&»7^ffiai-a. 

[0 0 4 9] &j|»]R 1 4 ±13111 teigm® 15, 16$: 
»«i-5«fc5«-, 00 ill 9^?7s*r^ (W) ftif0>i« 

*Btl7^H St*»5 0±*KUlP(Bl 7 a*»*S 

ixrv^So 7n ^ss^i^fiD 

ttJ-TJ: 5t^rfc$ttTv^o w<0J;5te:, JBteRl 7** 
eiISl5, 16«1U ^o, StJtfiBSrtlC^T 

feSIBBl 3^*hr5**tt«r»ii?>T^5rS:aJx.afc«> 

[0 0 5 0] S3£JBIl 7«ait4ffii:, Mill & 

\C Mill ift^y 3^645^jx^—>3 
3 oas^*£ix-Ci^o 

[0 0 5 1] /<y^<-^g ^13 0_hlC. * 

tiy—y^^z (occf) 4 0 jh/ri^s, 

-<^^*SC"Ctt# (R) , » (G) , * (B) co^-ftt 
36»IC»ftStb, *fe3R-Ctt. «i*l v^T> (Cy) , 
^■fef>^ (Mg) , -T^n- (Ye) , ^ (G) ^ if 

[0 0 5 2] tyf'7^7-7>f^4 0±l:, 

(OCL) 5 0^M^t^5o tyf^^>X5 
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[0053] i-*fc>*>, tyf^/^i/^xsoit 
<DJHia«WC*5V ^t, JRR^^**a*feJSis2fcG]a* 5 

5 :h/a^s 0 20 
[0055] TJWLfcfttt, tyfy/uyX5 otcj: 

1 1 0 C» 1 1 T ^ ^ tlfc 7 1 h ^ K (§ 
[0 0 5 6] ^ B 3 KSH-jRfRtt 2 30 

[0 0 5 7] — »|fcjB2 0flia»fc*5V^rtt, 0 5 

X5 o*^s*ta*»5i^»L-r»*KAit 40 

[0 0 5 8] Z<Dk$, *Stlfc«l*t?tt, Sffil 0<Difc 
rt^a3V^T»»3fcL 2*SififTi-5*lR]^*>7 MTM 

ft. »»JtL2*S$3te»5^&tti'nfcffi«^3ttt*« 

1 3— mtl^AsX*X*Tfc%&±-fZZ k&®5±'tZ>^ t so 
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[0 0 5 9] Ekfc<D9hftk LTtt, ^2«gj£«ffil 6tC 

Bi^^tcteit^^r, *3piBa&«3Kiiibix-cv^<. * 
tx, *^^»3^ai&nfc«Wtt7k¥^^(Eiss 

[0 0 6 0] W±<7)J:9^, ^llll0Btttc«aBfMMft 
SSatill Jt««2©«f*»»c*jv^TH:, fc<fc* 
i£Wfc£fkra:fcv>j&s, »«ffl^>jaa»^fcv^T«:. 0 4 

«i»Ji-^r <b^T*#s 0 JiJSbfc«it-ett. its 

• t>*<, S*lB5 5S:2 2fc7c«I^^tttCJE£tf-rL*5 

So 

[0061] ^{c, ±m<D*mm&m\z& % m^mmm 

■^Stig^rfe^oi^T. 0 6 (a) —0 10 (j) 
^TRBt5, te&s 0 6 (a) -0 10 ( j ) tt, jR 
•»2 0jR5ZZ»»C»»t5iaWfffiH«r»bTa3 9, 0 4 

[0 0 6 2] *i\ 0 6 (a) 9 niOv' 

ffifti:U^ny (B) Sr. 3-10MeViS^a 

1 1 

[0 0 6 3] 0 6 (b) 1^1" «fc 5 niOf 

(As) (P) ^nMfe^2X10 n -l 

X10 12 atoms/cm z gMtt^Alt, n 

- ^fti«5b^Mt5 0 :on- ^ftWSb 

[0 0 6 4] ^COn- ^fei«c5b«t5i(:, 
aUSlt, lR«i:*7ty h»s*i5±5l^>7 
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4 m m(DiIigi-y--r XT\ Tk^jjfammm* 7 6 O y h 
<nm&\~£. ^^yy^«i. 000 7febirZ>~ 

txm^^mmux^ ^tyaA^^-^f(^ 
ttez> 0 ^(DZjtc^xftmzfrtz^^^SiAm^x? 

[0 0 6 5] jfcfc:, 0 7 ( c ) J: 5 S^K 1 0 

[0066] m 7 ( d ) ± 9 tc, m^te^ 

«»J***K0f*Oftfr"C, piMHt^Al 20 
Sr^^->-aALT@Wte^SPl 3 fcV^C, 

[0 0 6 7] El 8 ( e ) ^-TJ; 5 Sffi 1 0 

_t{c. WxJi, IMMbifcfciD, ■MfcS/ya 
*W£*l6IMl4a*»rtU MUURl4a±l^ * 

{-> i2tll«l 6^^-^y^Mt5 0 so 

lt. -ftyaASia^ st* (as) 

>- (P) f^nlffift^r 1X10 12 — 2X10 12 at 
oms/cm 2 gS^Sat^Att, 3Sl*5<fctf»2 

a 

[0068] 08 ( f ) M^i-«fc 9 k> mmtm 

£^fil£@<7)7^ Mxri* CVDjfcKJ; 9, £Et- 40 
IMk'>y ayft«iS*»Wl 4 c «r»*t5. "t L- 
T^^tC, Ml4ctSW:$l^J:i;i2teg 
t«l5, 1 6Sr^^^t UT, 3f^*#-ei*»*^p 
i^^^tyaALT, ffiggl4cC8IJilf: 
*l*3±t5*2teig««l 5, 16C#Lt, |EI^ 

(c) ^«^xat?»*LfcK*tiluy--h»ffl««6 
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iJ^T, ffillHa, 14b, 14c«gl4t 

[0069] 09 (g) f^-r K^mn 
15, i6«it^j:?^, mmmi 4±\c?>-7x 

(W) ft^OM»*^*rCVDjS^J:9i«»S 
i±\ SKi«B^JIlBIS:g3t«B5<©Ji*"t?HlP»i 7 a 

[0 0 7 0] 19 (h) {C^-TXv^, ii^Kl 

7*5,fcl«;G>HJq»l 7 a rt^tatt^®^ CVD 

l2 0«« o WfUl2 0O±i:i/^ 

h*ra*bfc±ffi3i^^y^«fe, *>5VM4, CMP 

(Chemical Mechanical Polishing) j£{ -J: *9 , 
2 0©*BS:5pfflft-r5 o 

[0 0 7 1 ] 010 ( i ) J: 0 

K2 3^aLt^®C, ^X^CVDSia^tft 

[0072] mi 0 ( j ) d^-TJ: 
^ 3 yg3 0ll:, #J;Lti. ^fe&tc J: 9 Jris*f- y 
r*?-7>f^40S:Mt5. JftfeifeT?tt, *-fef>f 

mmtt\*nMmm*m^x*>?-y7*7-7 
[0073] ^tt, *^tc ey^«, mj£<D&m*m 

[0 0 7 4] ±E^*ll*»lB^«5Hfl««»«o« 

^(C, *^t>aA(^iOn- ^W5b^ 
^©tft^tyftA^^^oiSA^^-ySrSiS^ 

[0075] #«noawifksa». ±.^<nmmm 

/^-WEI^t^tyaAt^ i: Lfc^ ztttc 
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tf, **©±«*aaKol^TttWclWIBH:*<, «*. 
[0 0 7 6] 

[H90ffi¥&R91] 

[H2] *mmtete\c»z@imtomm<Dmim\£#tt 
[Ei3] m^^*at;::fctt5i2 2(DA-A^ 

[[24] ^^0«S^:::fcttSI2 2<7)A-A' 

[12 5] **Jfi^ffi^«SH*««3S«oa*SrRW-t- 

[12 6] *^lifi^tC^S@^«^fiOSaittC*3^ 

So 

[[2 7] B6fOtt<, ttfigffifittfft^hy 
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[[2 8] H7|CjR<, S:5feSPO^XS*T-Sr*-r»f® 

[(2 9] H8l:«<, ¥t«©Mli^t'lr^t»r 
®!2T'fcS 0 

[[210] i9Ci<, yt^y^^y — y^/^^tom 

[011] a^J^asHftftfifcKRoailfeSfB^**^ 
U::|3#SIWaBB|-e*>a 0 

[[2 12] ^^J^5@^*^ao«^^i2Si5 
[[213] «3leM^ff5Hfl4|lkSROS%ffi^^n7 

[«F*G>RH] 

l---Bfl4Hfe&1t. 2 3»-*sHKStt* 4- 

5a—n + ^Miferni^ 5b-n" ^tt^ffifejcN 5c- 

12-pi?x;K 14, 14 a, 

14 b, 14c-»E 16- 
i2fe^ii, 17a-HPS, 20- 
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